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GENERAL PRINCIPLES CONCERNING THE REACTION OF THE ORGANISM 
TO THE COMPLEX ENVIRONMENTAL  FACTORS  EXISTING I N  

SPACECRAFT  CABINS 

A.  V. Lebedinskiy, S. V.  Levinskiy and Yu. G. Nefedov 

The problem  of   s tudying  the  system  of   the  react ions  of   the  human 
organism  which  take  place  under  conditions  of  prolonged  confinement  in 
a hermetical ly   sealed  space  of   res t r ic ted volume has   recent ly  assumed 
an  Urgent  importance in   connect ion  with  var ious  f ie lds   of  human a c t i v i t y .  
It should be emphasized tha t   t he   so lUt ion  of t h i s  problem i s  f a c i l i t a t e d  
by the   poss ib i l i ty   o f   o rganiz ing   var ious   exper iments   wi th   the   par t ic ipa-  
t i o n  of human beings  under  laboratory  conditions  simulating  the  condi- 
t ions  of  certain  environmental   media.  

A s  a  model for t h e   s o l u t i o n  of  general  problems, chamber t e s t s  
were  carried  out  lasting  from 10 t o  120 days,   in  the  course  of  which a 
study was made of   the medium forming i n   t h e  chamber a s  a r e s u l t  of t h e  
v i t a l   a c t i v i t y  of man and of h i s   reac t ions   under   these   condi t ions .  
Moreover, c e r t a i n   o t h e r   e f f e c t s  were also  s imulated  in   these  experiments:  
small   doses   of   ionizing  radiat ion,   per iodic   r ises   in   temperature ,   noise ,  
and o t h e r   f a c t o r s .  

I n  a hermetical ly   sealed  space,   the   re la t ions  between man and h i s  
ambient medium a re  somewhat d i f f e r e n t  from those  which  prevai l   in   every-  
day l i f e .  Whereas under   o rd inary   condi t ions   the   v i ta l   p rocesses   o f   the  
organism  depend  mainly  on  the  influence  of  the medium, i n  a hermet ica l ly  
sealed  space  the  reverse   dependence  begins   to   be  c lear ly   manifested,  
i . e . ,   t h e  dependence  of  the  changes i n   t h e  medium on t h e   v i t a l   p r o c e s s e s  
of the  organism.  Thus, man under  these  conditions becomes the  forming 
element i n   r e l a t i o n   t o   t h e   c h a n g e s   i n   t h e  medium, and it should be 
emphasized that   these  changes may be   undes i rab le   in   charac te r .  

This may be i l lus t ra ted  by several  concrete  examples. 

An ana lys i s  of the  changes  in  the  nonspecific  immunoreactivity of 
t he   sub jec t  and a comparison  of  these  data  with  the  changes  in  the  micro- 
f lora   of   the   ambient  medium es tab l i shed   an   apprec iab le   increase   in   the  
number of  microbes  per  unit volume o f   a i r .  The cause was an  appreciable 
i n c r e a s e   i n   t h e  number of  micro-organisms  vegetating on the   sk in  as a 
result of a drop  of i t s  bac te r i c ida l   func t ion  (S. N. Zaloguyev,  Figure 
1). 
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Figure 1. Comparative  data  on  changes  in  the  bacterial 
contamination  of  the  skin  and  air 

In the  chamber  experiments  it  was  also  found  that  in  the  absence 
of  technical  sources of CO  in  the  chamber,  the  air  medium  is  still  con- 
taminated with carbon  monoxide,  and  that  its  source  is  man,  in  whose 
organism  carbon  monoxide  is  formed  as  a  result  of  certain  biochemical 
conversions  which  as  yet  have  been  insufficiently  studied.  By  escaping 
from  the  organism  and  accumulating  in  the  air,  carbon  monoxide  causes 
the  appearance  of  the  initial  symptoms of carbon  monoxide  autointoxica- 
tion  as  a  result  of  a  decrease  in  the  difference  between  its  partial 
pressures  in  the  exhaled  air  and  in  the  air  of  the  chamber. The  auto- 
intoxication  symptoms  could  be  detected  because  of  the  appearance  of 
carboxyhemoglobin  in  the  blood  and  also the appearance of definite 
changes  in  the  central  nervous  system  (Figure 2). 
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Figure 2. Dynamics of  the  carbon monoxide con ten t   i n   t he  
chamber a i r ,   i n   e x h a l e d   a i r ,  and of t h e  carboxyhemoglobin 
content  in  the  blood  of  the  subject 

A similar  dependence was found t o  be   va l id   wi th   respec t   to   o ther  
substances  which  are  evolved by the   l ungs ,   i n   pa r t i cu la r ,   c a rbon   d iox ide .  
The carbon  d ioxide   conten t   in   the   a i r   o f   the   hermet ica l ly   sea led  chamber 
was an  average  of 0.4-0.6 percent   dur ing   the   t es t s ,   which  w a s  10-20 
t imes  greater   than i t s  content   in   the  a tmosphere.  A s  a r e s u l t ,   t h e  
elimination  of  carbon  dioxide  through  the  lungs i s  hindered;  the  pres- 
sure  of C02 i n   t h e   a l v e o l a r  a i r  and i n   t h e  blood rises; and t h i s   h a s  

a d e f i n i t e   e f f e c t  on the   func t ion   o f   ex t e rna l   r e sp i r a t ion  and the   gase-  
ous in t e rchange   i n   t i s sues  (L. R .  Iseyev) .   This  was pa r t i cu la r ly   appa r -  
en t   in   the   120-day  tests.  
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Summarizing t h e  above  data,  one is l e d   t o   t h e   c o n c l u s i o n   t h a t   t h e  
cause of t h e  many physiological  changes  which w i l l  be   discussed below 
may be  the  autointoxicat ion  by  the  products  of v i t a l  a c t i v i t y  which are 
excreted  through  the  lungs and which do not,   under  ordinary  conditions,  
accumulate i n   t h e   q u a n t i t i e s   o b s e r v e d   i n  a hermetical ly   sealed  space 
w i t h   r e s t r i c t e d  volume. 

I n  view  of t h i s   f a c t ,   t h e  maximum permissible   concentrat ion  of   such 
substances  should be s u b s t a n t i a l l y  below t h e i r   c o n t e n t   i n   t h e   e x h a l e d  
a i r ,  i n   o r d e r   t o   a v o i d  any i n t e r f e r e n c e   w i t h   t h e i r  normal  elimination 
from t h e  body. I n   p a r t i c u l a r ,   f o r   c a r b o n  monoxide, we recommend an MPC 

of 3-5 mg/m3, and fo r   ca rbon   d iox ide ,   i n   t he   ca se  of confinement  in, 
s e a l e d   q u a r t e r s   f o r  more than   four  months, 0 .2-0.3  percent .  

Autoinfection may also  have a cer ta in   importance  under   these  condi-  
t i o n s .  The role   of   a l lergens  which may be p r e s e n t   i n   t h e   a i r  medium and 
which  form as a result  o f   t h e   v i t a l   a c t i v i t y   o f  man has   no t 'been  su f f i -  
c i en t ly   s tud ied .  

S p e c i a l   r e l a t i o n s h i p s   a r i s i n g  between the  organism and t h e  medium 
i n  a hermet ica l ly  sealed space, as w e l l  as the   in f luence  of such   f ac to r s  
as   ionizing  radiat ion,   moderately  high a i r  temperature, and noise ,  
coupled  with  the  absence of u l t r a v i o l e t   r a d i a t i o n  and the  consequences 
o f   r e s t r i c t ed  motor a c t i v i t y  must  be considered. Thus, t h i s  complex of 
e f f e c t s   t a k i n g   p l a c e   i n   t h e   m a j o r i t y  of chamber tes ts  cause  the  formation 
i n   t h e  body of cer ta in   changes   charac te r iz ing   the   reac t ion  of t he   o rga -  
nism t o  changes i n   t h e  l i f e  condi t ions.  The most  complete r ep resen ta t ion  
of   the   na ture  and  mechanism o f   t h i s   r e a c t i o n  i s  given by the   ana lys i s  of 
the   physiological   changes  during  per iods  of  chamber t es t s  o f   s u f f i c i e n t l y  
long  durat ion (60 and 120  days) ,   in   which  the  sequence of the  appearance 
of  these  changes i s  pa r t i cu la r ly   man i fe s t .  

During  the f i r s t  phase,  which  lasted  about 10 t o  15 d a y s   i n  60-day 
tests, changes were observed  which  on  the  whole  could be charac te r ized  
as t h e   i n i t i a l   r e a c t i o n   t o   t h e  change i n   t h e  l i f e  condi t ions.   This  
r eac t ion  i s  related to   t he   p rocess   o f   adap ta t ion  of t he   o rgan i sm  to   t he  
new func t iona l   l eve l ,  which  corresponds t o  a c e r t a i n   e x t e n t   t o   t h e  
changed condi t ions.  Toward t h e  end of t h i s   pe r iod ,   t he re   occu r s  a 
change i n   t h e   r e g u l a t o r y  mechanisms of t he   func t ions  of blood  c i rcula-  
t i o n  and r e s p i r a t i o n ,  i . e . ,  those  funct ions  which  largely  determine  the 
general   funct ioning  level   of   the   organism.  

By ana lyz ing   in tegra l   ind ices  of t h e   a c t i v i t y  of the   blood-  
c i rcu la t ing   appara tus   such  as t h e   s y s t o l i c  and minute volume o f   t h e  
hea r t ,  one  can see t h a t  a t  rest the i r   va lue   dec reased :   t he   sys to l i c  
volume decreased  from 50 t o  40 m l ,  and the  minute volume from 3.75 t o  
2.7 1. When a graduated  physical   load was appl ied ,   these   ind ices   d id  



5 

not   reach  the  values   which had  been  determined  before  the start  of t h e  
t e s t s   i n   t h e  chamber. A t  t h e  same time, a de lay   i n   t he   no rma l i za t ion  
of t h i s   i ndex  was observed 3 minutes   a f te r   the   appl ica t ion   of   the   load .  
The indicated  changes  should be regarded  as a ce r t a in   i ne r tnes s   o f   t he  
mechanisms regula t ing   the   func t ion   of   b lood   c i rcu la t ion   (F igure  3). 

From the  s tandpoint   of   gas   interchange,   there  was also  observed 
(L. R. Iseyev) a c e r t a i n   i n e r t n e s s  and i r r e g u l a r i t y   o f   t h e  mechanisms 
regula t ing   th i s   p rocess .   In   g raduated   phys ica l   loading ,   the   consumpt ion  
of  oxygen  rose  considerably and t o  a la rger   ex ten t   than   before   the  s tar t  
of  the  experiment. The process   of   l iquidat ion  of   the  oxidat ion  debt  was 
also  appreciably  delayed.   Thus,   the   "eff ic iency"  of   the work decreased 
considerably.  

m l  1 
T T  

I 
2.0 I 

b e f o r e   t e s t i n g   d u r i n g   t e s t s  a f t e r   t e s t s  

I- i n i t i a l   l e v e l   ( b e f o r e   a p p l i c a t i o n   o f   l o a d )  of 

1 {-lb . 16-54 . Y - L 5  ' 4 6 - 6 0  I 1 - 1 5  ' 16-33 ' 31-1.5 

d a y s  - 
minute volume 

0 increase   in   minute  volume immediately 

= i n c r e a s e   i n   s y s t o l i c  volume app l i ca t ion  
af ter  load 

" :-- i n i t i a l   l e v e l   ( b e f o r e   a p p l i c a t i o n   o f   l o a d )   o f  
s y s t o l i c  volume 

Figure 3. Change i n   s y s t o l i c  and minute volume of   hear t  
a t  rest and under  physical   load  (average data of s i x  sub- 
j e c t s   f o r   e v e r y  15 days) 



6 

It i s  qu i t e   na tu ra l   t ha t   t hese   changes  depend primarily  on a unique 
accommodation of t he   r egu la to ry  mechanisms,  most probably as a result of 
a change i n   t h e   f u n c t i o n   i n   t h e  CNS, one of the   causes  of which was t h e  
impairment of t he   hab i tua l   s t e r eo type .   Dur ing   t he   i n i t i a l   pe r iod   o f   t he  
tests, t h e  development of an   inh ib i t ing   p rocess  was observed   in   the  
cerebra l   cor tex   (decrease  of l i g h t   s e n s i v i t y  based  on t h e   d a t a  of adap- 
tomet ry ,   increase   in   the   t ime of motor   react ions,   e tc .  ) . This   occurs  
most probably as a result of ex te rna l   r e t a rda t ion ,  and i s  assoc ia ted  
wi th  symptoms of a weakening  of the   p rocess  of i n t e r n a l   r e t a r d a t i o n  
( i n c r e a s e   i n   t h e  number of   e r rors   dur ing  work, dis turbance  of   night  
s leep ,   e tc . ) .   There  are a l s o  some de f in i t e   i nd ica t ions   o f   ce r t a in  
changes i n   t h e   a c t i v i t y  of the  endocrine  system,  especially  an  enhance- 
ment of   the   func t ion  of the  adrenal  cortex,   which  could be determined 
from a h igher   e l imina t ion   of   17-ke tos te ro ids   wi th   u r ine .  

D e s p i t e   t h e   f a c t   t h a t   t h e   p r o c e s s  of adapta t ion  i s  assoc ia ted   wi th  
a number of  unfavorable  changes,  the  organism somehow a d a p t s   t o   t h e  
condi t ions   o f   the  changed medium o f  the   sealed  space.  A s  a resul t ,  t h e r e  
takes place a cer ta in   normal iza t ion   of  many functions:  sleep,  motor 
r e a c t i o n s ,   l i g h t   s e n s i t i v i t y  of the   eye,  and t h e  number of e r r o r s  drops  
back down t o   t h e   o r i g i n a l   v a l u e s ,   e t c .  A t  t h e  same time, enhanced f a t i -  
g a b i l i t y   p e r s i s t s .  Thus, t he   adap ta t ion  i s  r e l a t i v e ,  and s i n c e   t h e   i n -  
f luence  of unfavorable   factors   cont inues,   there   eventual ly   occurs   an 
impairment  of the   adapt ive  mechanisms,  and as theniza t ion  symptoms are 
observed  toward  the end of   the  t e s t .  

In   cons ider ing   the   phys io logica l   changes   in   the   o rganism of t h e  
sub jec t s  tested,  we use the  term  "asthenizat ion."   Indeed,  a set  of such 
phenomena as a reduced  working  capacity,  enhanced  fatigability,  change 
i n   t h e   s l e e p   f u n c t i o n ,  weakening of immunal r e a c t i v i t y ,   r e d u c t i o n   i n   t h e  
func t iona l   po ten t i a l  of the   card iovascular   sys tem,   decrease   in   the  
"eff ic iency" of phys ica l  work,  and a l so   very   spec i f ic   changes   in   the  
dynamics  of cor t ica l   p rocesses   cor respond  to  modern concepts of t h e  
a s then ic  syndrome. It i s  c h a r a c t e r i s t i c . t h a t  a long time be fo re   t he  
development of the   ex te rna l   sys tems of asthenization,  an  impairment of 
t h e   e q u i l i b r a t i o n  of nervous  processes i s  observed i n   t h e   c e r e b r a l  
cor tex.  

Of p a r t i c u l a r   i n t e r e s t  are t h e  changes  observed i n   t h e   s u b j e c t s  
upon t h e i r  emergence  from t h e  chamber  and t r a n s i t i o n   t o   o r d i n a r y  l i f e  
condi t ions.  We called  these  changes  the "emergence r eac t ion . "  It i s  
pr imar i ly   charac te r ized  by a cer ta in   deepening of as theniza t ion ,  and t h e  
e n t i r e  set  of phenomena has  a tendency t o  endure for a long time. Thus, 
a f t e r  t h e  60-day tests,  t h e  s ta te  of as then iza t ion  remained for   about  
2 months. The mechanism of the   c r ea t ion   o f   t he  emergence reac t ion   appar -  
e n t l y   c o n s i s t s   o f   t h e   f a c t   t h a t  as a result of prolonged human confine- 
ment i n   t h e  chamber, t h e r e  i s  formed a type of s t a b l e  and f ixed   s t e r eo -  
type whose  breakdown  and replacement takes place  with more d i f f i c u l t y  
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than   does   the   adapta t ion   to   the   condi t ions   c rea ted   in   the   sea led  chamber, 
because  the  adaptive  capacities  of  the  organism  themselves  have  been 
weakened  by the  prolonged  influence  of  unfavorable  factors i n  the  course 
of t h e   t e s t s .  

It should be emphasized tha t   t he   t r ans i t i on   f rom one set of l i f e  
condi t ions  to   another  i s  achieved  in  a very   shor t   t ime.   For   th i s   reason ,  
t h e   l e s s   t h e   l i f e   c o n d i t i o n s   i n   t h e   s e a l e d   s p a c e   d i f f e r  from  ordinary 
cond i t ions ,   t he   l e s s  pronounced w i l l  be t h e  emergence r eac t ion .  The ex- 
periments  involving  120-day  tests showed t h a t   t h e  use of a set of s an i -  
t a r y  measu res   ( add i t iona l   pu r i f i ca t ion   o f   a i r   t o  remove bac te r i a  and 
noxious   chemica l   impur i t ies ,   u l t rav io le t   i r rad ia t ion   of   the   sk in  of t h e  
subjects ,   in t roduct ion  of   an  increased amount  of v i tamins   in to   the . food  
ration,  use  of a s p e c i a l   s e t  of   physical   exercises  and c e r t a i n  medic- 
amental   agents)   dur ing  the  fol lowing  per iod  as   wel l   as   the  organizat ion 
of a gradual   t rans i t ion   o f   the   subjec ts   f rom  ord inary   l i fe   condi t ions ,  
promoted  a cons ide rab le   dec rease   i n   t he   i n t ens i ty  and dura t ion  of t h i s  
reac t ion .  

When the  human organism i s  subjected t o  the  simultaneous  action of 
s eve ra l   f ac to r s   o f   t he  medium, it i s  e s s e n t i a l ,  from t h e   p r a c t i c a l  
s t andpo in t ,   t o  know which f a c t o r  i s  t h e  most important,  what i s  t h e   r o l e  
of  the main f a c t o r s ,  and which  one  should be considered f i rs t  by a hy- 
g ien is t   in   the   so lu t ion   of   p roblems  per ta in ing   to   the  improvement of t h e  
ambient medium. In   add i t ion ,  an ana lys i s  of t h e   r o l e  of t he   ac t ing  
f a c t o r s  makes it poss ib l e   t o   e luc ida te   such   phys io log ica l   r egu la r i t i e s  
and t h e   s p e c i f i c i t y  of t he   r eac t ions   t o   t he   ac t ion ,   t he  phenomenon of 
summation of   the   e f fec t   o f   var ious   s t imulants ,   e tc .  

I n  o u r  experiments,  the human organism was s u b j e c t e d   t o   t h e   i n f l u -  
ence   o f   fac tors   a r i s ing   dur ing  a prolonged  confinement  in a sealed  space 
of l imi ted   s ize   wi th   the   absence   o f   u l t rav io le t   rad ia t ion  and a c e r t a i n  
r e s t r i c t i o n   o f   t h e  motor a c t i v i t y ,   i . e . ,   i o n i z i n g   r a d i a t i o n   i n  small 
doses ,   noise ,   ra ised  a i r - temperature .  It should be emphasized t h a t   t h e  
magnitude  of  most  of t he   f ac to r s   ( concen t r a t ion  of C02, CO and o the r  

noxious  admixtures   in   the  a i r ,   absorbed  doses   of   ionized  radiat ion,   e tc . )  
was c lose   t o   t he   t h re sho ld   va lues .  Even the   a i r   t empera tu re   f l uc tua ted  
around the   permiss ib le  limits i n  t h e  main experiments  during a good p a r t  
of  the  t ime. Under these   condi t ions ,  a very  important  question i s  t h a t  
of the  possibi l i ty   of   formation  of   react ions  which  are   specif ic   for   any 
of' t h e   a c t i n g   f a c t o r s ,   f o r  example, f o r   i o n i z i n g   r a d i a t i o n .  I n  analyz- 
ing   the   da ta   ob ta ined ,  we were  unable t o   d e t e c t  any s p e c i f i c   r e a c t i o n s  
in   the   major i ty   o f   cases .  

Changes in   such   func t ions  as the  higher   nervous  act ivi ty ,   b lood 
circulat ion,   respirat ion,   metabol ism,   e tc . ,   were  not   dis t inguished by 
any s p e c i f i c i t y  and were an  expression of t he   gene ra l   r eac t ion   o f   t he  
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organism t o  the unfavorable  changes  in  the  ambient medium. The presence 
o f   t h i s   n o n s p e c i f i c i t y   l e d   t o   t h e  phenomenon of summation o f   t he   i n f lu -  
ences   which   d i f fe red   in   the i r   na ture .  A sufficiently  convincing  example 
of  such a summation i s  given  below. 

From the   c i ted   da ta   (F igure  4),  it i s  e v i d e n t   t h a t   a s   t h e   t e s t i n g  
condi t ions  dependent   on  the  inclusion  of   addi t ional   factors  are accentu- 
a t ed ,   t he  rate of  the  motor  reactions  decreases (A. N. Kartsev) .  Whereas 
under optimum temperature   condi t ions  the  react ion rate gradual ly   in -  
creased owing t o   t h e   t r a i n i n g ,  when t h e   a i r   t e m p e r a t u r e   r o s e   t o  4O0-4To, 
it dropped  sharply a t  f i rs t  and exceeded t h e   i n i t i a l   v a l u e   o n l y  toward 
t h e  end o f   t h e   t e s t s .  The inclusion  of   noise  and ion iz ing   r ad ia t ion  
among the   ac t ing   f ac to r s   i n   o the r   expe r imen t s   l ed   t o  a s t i l l  more appre-  
ciable  slowing down of the   r eac t ion ,  and i t s  r a t e  d i d  not   reach  the 
i n i t i a l   v a l u e s  even a t   t h e  end of  the  experiment. 

experiment 1 

experiment 2 

experiment 3 

experiment 4 

Figure 4. Dependence of t h e  change i n   t h e  motor  reaction of 
"autorates"  on the  condi t ions  of   the  tests ( in   percent  of 
o r i g i n a l )  : experiment NO. 1, T + 23' C ;  e-xperiment NO. 2, 

. T + 40-47' C ;  experiment No. 3, T + 40-47O C, noise,  lo5 db; 
experiment No. 4, T + 40-47' C ,  noise ,  lo5 db, y - i r r a d i a t i o n  
4.2  Icc/sec 
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The  summation  of the  nonspecif ic   inf luence  of   var ious  s t imulants  
appeared  very  dis t inct ly  i n  the   ana lys i s   o f   da i ly  human excret ions  of  
amino compounds i n  tests under  various  conditions.  When ioniz ing  radia- 
t i o n  o r  intensive  noise  were  included among the   ac t ing   f ac to r s ,   t he  
da i ly   exc re t ion  of amino compounds in   bo th   cases   increased  by about 40 
percent,  b u t  when both  factors   acted  s imultaneously,   the   excret ions  rose 
t o  80 percent .  It i s  obvious   f rom  the   example   tha t   in   cer ta in   cases   the  
summation of the   ac t ion   of   var ious   s t imulants  may approach  the  absolute 
value, and f a c t o r s  which a r e   d i f f e r e n t   i n   n a t u r e  may prove t o  be  physio- 
l og ica l ly   equ iva len t .  

Nevertheless,   against   the  general   background  of  absence of spec i -  
f i c i t y  of   reac t ions ,   in   cer ta in   cases   there   appeared  some changes  which 
were c h a r a c t e r i s t i c  of t he   ac t ion  of a f a c t o r .  An example i s  the  appear-  
ance  of  carboxyhemoglobin i n   t h e  blood and the  presence  of  carbon mon- 
oxide   in   the  a i r ,  and a l s o  an   i nc rease   i n   t he  number of   erythrocytes  
under  these  conditions.  Of p a r t i c u l a r   i n t e r e s t  i s  t h e  problem  of t h e  
poss ib le   appearance   o f   reac t ions   which   a re   spec i f ic   for   the   ac t ion  of 
ion iz ing   rad ia t ion .  An ana lys i s  of the  blood  picture  (N.  I .  Suprunenko) 
has shown t h a t   i n   c e r t a i n   c a s e s   t h e r e  may a r i s e  a spec i f ic   depress ing  
inf luence   o f   ion iz ing   rad ia t ion  on leucopoiesis   (Figure 5 ) .  However, 
t h i s  i s  observed  only  in   the  case where the  dose  of   radiat ion  exceeds 
0.3 r/day and  when i t s  ac t ion  i s  combined wi th   the   in f luence  of such 
f a c t o r s  as noise  and a ra ised  temperature .   In   this   case,   the   unfavor-  
ab le   f ac to r s   po ten t i a t e   t he   spec i f i c   ac t ion   o f   i on iz ing   r ad ia t ion .   Th i s  
phenomenon should  be  taken  into  account  in  the  solution  of  the  problem 
concerning  the  permissible   radiat ion  levels .   In   other   words,   the   bet ter  
the   l iv ing   condi t ions   in   the   cab in   o f   the   spaceship ,   the   g rea te r   the  
e f f e c t  o f   i on iz ing   r ad ia t ion   t o  which the   a s t ronau t  can  be subjected 
du r ing   t he   en t i r e   du ra t ion   o f   h i s   f l i gh t   w i thou t   r i sk ing  any  serious 
damage t o   h i s   h e a l t h .  

A p r e r e q u i s i t e   f o r   t h e  summation of   the  physiological   effect   of  
s eve ra l   d i f f e ren t   s t imu lan t s  i s  the   s imul tane i ty   o f   the i r   ac t ion .   Thei r  
e f f e c t  may be   due   p rec ise ly   to   the i r   s imul tane i ty ,   desp i te   the   fac t   tha t  
t he   i n t ens i ty   o f   each   i nd iv idua l   f ac to r  i s  c lose   t o   t h re sho ld   va lues .  
On the   o the r  hand, the   unfavorable   fac tors   a re   ac t ing   cons tan t ly  and f o r  
a long  t ime.   This   resul ts  a t  f irst  i n   t h e  development in   the   o rganism 
of a c e r t a i n   r e l a t i v e   a d a p t a t i o n ,   b u t  it i s  also  the  cause  of  a gradual  
cumulation of t he   phys io log ica l   e f f ec t ,  which  causes an impairment of 
the   adapt ive and regula tory  mechanisms  and u l t i m a t e l y   l e a d s   t o   a s t h e n i -  
zat ion.  The phenomena of the   cumula t ion   of   the   phys io logica l   e f fec t   a re  
also  confirmed by the  presence of a clear-cut  dependence  between  the 
ex ten t  of t h e   r e a c t i o n s  and the   du ra t ion  of human confinement i n   t h e  
sealed chamber. 
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experiment 2 

experiment 3 

experiment 4 

experiment 1 
experiment 5 

80 I 
I 2 5 i I;o 

" - ~~~~ 

days of t e s t i n g  

Figure 5. Dependence of  the  changes i n   t h e   q u a n t i t y   o f  
leucocytes   on   the   exper imenta l   condi t ions   ( in   percent  of  
t h e   i n i t i a l   l e v e l )  : experiment No. 1, without  hermetic 
sea l ing ,  0.3 r per  day, T -E 28-34'~;  experiment N 3 .  2, 
with  hermetic   seal ing,  T + 28-34'~;  experiment No. 3, with 
hermetic  sealing, 0.05 r per  day, T -F 28-34Oc; experiment 
No. 4, with  hermetic   seal ing,   0 .3  r per  day, T + 28-34OC; 
experiment No. 5 ,  with  hermetic .   seal ing,  0.4 r p e r  day, 
T + 28-34OC. The experiment  provides  data  on  the f irst  
10 days  of a 15-day  experiment 

The answer t o   t h e  problem  of  which  of t h e   f a c t o r s   a c t i n g  on t h e  
human organism in   the   p resent   exper iment  i s  t h e  most  important i n   t h e  
development  of the  above-described  physiological  changes was obtained  by 
conduc t ing   d i f f e ren t   va r i an t s   o f   t he  tests.  It was found t h a t   t h e   l e a s t  
pronounced  changes assoc ia ted   wi th   the   ac t ion   of   ion iz ing   rad ia t ion ,  
raised  temperature and noise ,  were observed i n   t h e   c a s e  where t h e  cham- 
ber was ven t i l a t ed   w i th   ex t e rna l   a i r .   I n   t h i s   expe r imen t ,   t he re  were 
p r a c t i c a l l y  no  changes in   t he   b lood  and the  cardiovascular   system, and 
changes in   the   cen t ra l   nervous   sys tem were only   very   s l igh t ly   expressed .  
Thus,  one m u s t  r ecogn ize   t he   f ac t   t ha t   t he   ex t e rna l  medium and,  probably, 
primarily  the  chemical  composition  of  the a i r  which i s  formed i n  a 
sealed  space of r e s t r i c t e d  volume, appeared t o  be t h e  most e s s e n t i a l  
f a c t o r s   a f f e c t i n g   t h e  human organism  under  such  conditions. 
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Hence it fo l lows   t ha t   t he   c r ea t ion   o f   t he  most favorable   condi t ions 
of "air  l i v a b i l i t y "   c o n s t i t u t e s   o n e   o f   t h e  most s e r ious  problems. 

When  man i s  conf ined   to  a sealed chamber, i n   a d d i t i o n   t o   b e i n g   s u b -  
jec ted   to   the   in f luence   o f   pure ly   phys ica l   fac tors   dependent   on   h i s   par -  
t i c u l a r  ambient medium, he i s  a l so   sub jec t ed   t o   t he   i n f luence   o f   f ac to r s  
of  psychic  order.  Most important among these  should  be  considered  the 
fo rced   i so l a t ion  from the   ou ts ide   wor ld ,  a disturbance  of  the  customary 
s i t u a t i o n ,  and f i n a l l y ,  a d e f i n i t e  monotony o f   t he  l i f e  condi t ions,  
accompanied  by a cons ide rab le   l imi t a t ion   o f   t he  incoming  information. 
Acting  through  the  second  signalling  system,  they  promote  an  appreciable 
development  of  the same physiological  changes  which were discussed  above. 
I n   a d d i t i o n ,   t h e r e  were observed some d e f i n i t e   b u t  weakly  expressed  devi- 
a t ions   in   the   neuropsychic   condi t ion   o f   the   subjec ts .  They included a 
h i g h e r   e x c i t a b i l i t y ,  as a result  of  which  conflicts would ar ise  somewhat 
more o f t en   t han   i n   an   o rd ina ry   s i t ua t ion ,  and, i n   c e r t a i n   c a s e s ,  a s l i g h t  
depression was noted. On t h e  whole,  however, the  psychic   condi t ion of 
t he   sub jec t s  w a s  whol ly   sa t i s fac tory ,  and the  observed  deviat ions  did 
not   have  any  ser ious  effect   on  the  course  of   the  tes ts .  This l a t t e r  
f e a t u r e  was d u e   p r i m a r i l y   t o   t h e   f a c t   t h a t   d u r i n g   t h e  tests,  such  posi-  
t i v e  s t i m u l i  as a p rec i se  knowledge of  the  purpose and tasks   involved   in  
t h e  tests,  t h e   f e e l i n g   o f   r e s p o n s i b i l i t y   f o r   t h e   a s s i g n m e n t  and t h e  
fee l ing   of  teamwork were acting.  Another  important  point was t h e   f a c t  
tha t   whi le   conf ined   to   the  chamber, t h e   s u b j e c t s   d i d  some u s e f u l  work 
most  of t h e  time. This   not   only minimized the  deviations  which  were 
observed, b u t  a l s o   c o r r e c t e d   t o  a c e r t a i n   e x t e n t   t h e  development  of 
such  Unfavorable  neurosomatic  reactions  as  asthenization. 

I n   t h i s   c o n n e c t i o n ,   v e r y   i n t e r e s t i n g   d a t a  were obtained by ana lys i s  
of  the  periods  of  appearance  of  the  changes as a funct ion  of   the  dura-  
t i o n   o f   t h e  tests.  Thus, acco rd ing   t o   t he   da t a   o f   t he  EEG, changes i n  
the   cen t ra l   nervous   sys tem  in  were considerably 
more pronounced than   dur ing   the  f irst  10 days  of   the 2-month experiment, 
and,during  the f i rs t  month o f   t he  .$-month experiment,   the EEG of   the  
sub jec t s  was somewhat more s t a b l e   t h a n   i n   t h e   o r i g i n a l  background. A s  a 
rule ,  asthenization  appeared  only  toward  the end of   the  tests, regard-  
less o f   t he i r   du ra t ion :   120 ,  60, 30, o r  10 days. A l l  t h i s   i n d i c a t e s  
the   very   impor tan t   ro le   o f   the   "preparedness"   for  a given  durat ion  of  
tests,  and t h e   a p p r e c i a b l e   i n f l u e n c e   o f   t h e   a c t i v i t y   o f   t h e  second s i g -  
nall ing  system on t h e  autonomic  functions  of  the  organism as w e l l .  

Among t h e  above-mentioned  unfavorable  factors,   the monotony o f   t h e  
l i f e  cond i t ions   a r i s ing  as a resu l t  of   the   s tandard iza t ion   of   the  work- 
ing,   breathing and feeding  condi t ions  s tands somewhat a lone.   This  i s  
because,   even  though  the  restriction  of  information  does  have  an  unfa- 
vo rab le   e f f ec t ,   t he   s t anda rd iza t ion   o f   t he  l i f e  condi t ions and a s t r i c t  
da i ly   s chedu le   have   t he i r   pos i t i ve   s ide ,   pa r t i cu la r ly  i f  it i s  

'I 



12 

considered  that  a l l  of t h e   s u b j e c t s  were hea l thy  young people. A s  a 
result  of s t anda rd iza t ion   o f   t he  l i f e  condi t ions , the   subjec ts   e labora ted  
a new, forced  s tereotype of the   occur rence  of  most physiological   func-  
t i o n s .   I n   a n   a n a l y s i s  of t h e  results of phys io log ica l   i nves t iga t ions  
a t t e n t i o n  i s  drawn, n o t   t o   t h e  small individual   dif ferences,   but   pr ima-  
r i l y   t o   t h e   n a t u r e   o f   t h e   c h a n g e s ,  common t o  a l l  t he   sub jec t s ,   t ak ing  
p l ace   i n   t he   ma jo r i ty  of t he   func t ions .   Th i s   s t e r eo type   cha rac t e r  i s  
o u t l i n e d   w i t h   p a r t i c u l a r   c l a r i t y   d u r i n g   t h e   a n a l y s i s  of t h e   d a t a  on t h e  
working  capacity and f a t igue   p rocesses .  Changes of t h e s e   i n d i c e s   i n  
i nd iv idua l   sub jec t s   d i f f e r  somewhat, bu t   on ly   in   degree ,  and as f a r  as 
t h e i r   d i r e c t i o n  and period of appearance are concerned,  they were t h e  
same i n   a l l   t h e   s u b j e c t s .  A t  t he   p re sen t  time, we  cannot  say  whether 
t h i s   s t a n d a r d i z a t i o n   o f   t h e   r e a c t i o n s   o f   t h e   s u b j e c t s  i s  favorable  o r  
not;  it can  only be descr ibed as a c h a r a c t e r i s t i c   p h y s i c a l  phenomenon 
i l l u s t r a t i n g   t h e   s t r i c t  dependence  of the  function  of  the  organism  on 
the   condi t ions  of the  ambient medium. 

It should  not  be  thought,  however, t h a t   t h i s   s t e r e o t y p e  of t h e  
react ions  excludes some i n d i v i d u a l   c h a r a c t e r i s t i c s  of t he   sub jec t s .  
Ind iv idua l   d i f f e rences  depend  on  whether o r   n o t   t h e   s u b j e c t s   p a r t i c i p a t e  
in   such  experiments   for   the f i rs t  time. These d i f f e rences  are pa r t i cu -  
l a r l y   e v i d e n t   i n   t h e   a n a l y s i s   o f   t h e  dynamics of weight  change and a l s o  
i n   t h e   a n a l y s i s  of the   ind ices   o f   nonspec i f ic  immunity. It should be 
emphasized t h a t   i n   p e r s o n s  who had ear l ie r  p a r t i c i p a t e d   i n  chamber tests, 
the   ma jo r i ty   o f   t he   r eac t ions   u sua l ly   t ook   p l ace   w i th  lesser changes. 

The ex is tence   o f   ind iv idua l   d i f fe rences   ba th   in   the   h igher   nervous  
a c t i v i t y  and i n   t h e  autonomic  functions of t h e   p a r t i c i p a n t s   i n   s u c h  
t y p e s   o f   t e s t s  make it n e c e s s a r y   t o   c o n c e n t r a t e   a t t e n t i o n  on t h e  com- 
pa t ib i l i t y   o f   s eve ra l   peop le  who mus t  l i v e  and  work t o g e t h e r   f o r  a long 
time i n  a r e s t r i c t e d   s p a c e   i s o l a t e d   t o  a cons iderable   ex ten t   f rom  the  
world  outside. To d a t e ,   a t t e n t i o n  was pr imari ly   concentrated  on  the 
problem  of  psychic  compatibility:  what  should be the   cha rac t e r  t r a i t s  
of t he   i nd iv idua l  members o f   t he  crew  which, when combined,  would be 
l ea s t  l i k e l y   t o  produce  ser ious  confl ic ts .  Work i n   t h i s   d i r e c t i o n  i s  
undoubtedly  important, b u t  no t  enough s igni f icance   has   been   a t tached   to  
t h e   i n t e r a c t i o n  of t he   i nd iv idua l s   v i a   t he  second signall ing  systems, 
which a f f e c t   t h e   c h a r a c t e r  t ra i t s  o f -each .  We therefore   cons ider  it 
v a l i d   t o  pose t h e  problem of the   "b io logica l"   compat ib i l i ty  of t h e   i n d i -  
v idua ls  on a broad  biological  plane.  

A s  was r epea ted ly   s t a t ed  above, t h e  medium of sea led   quar te rs  i s  
formed as a result o f   t h e   v i t a l   p r o c e s s e s  of t h e  man  who i s  confined t o  
them f o r  a long time. Consequent ly ,   individual   dif ferences  in   the 
metabolism  of d i f f e ren t   peop le  w i l l  have d i f f e r e n t   e f f e c t s  on t h e  quan- 
t i t a t i v e  and qual i ta t ive  composi t ion of t h e   v o l a t i l e  components  envolved 
i n t o   t h e  a i r  of   the   sea led   quar te rs   in   the   course  of breathing,  and from 
the   su r f ace   o f   t he   sk in .   S imi l a r ly ,   t he   qua l i t a t ive  and q u a n t i t a t i v e  
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composi t ion  of   the  microf lora   in   the a i r  of the   sea led   quar te rs  w i l l  
depend  on the   i nd iv idua l   d i f f e rences  of the   au tof lora .   These   po in ts  
obviously fa r  from  exhaust a l l   t h e   a s p e c t s   o f   t h e  problem  of b i o l o g i c a l  
compat ib i l i ty .  However, even i n   t h e s e  problems our  knowledge i s  u t t e r l y  
i n s u f f i c i e n t .  

The only  thing  which we  now  know i s  t h e   d i f f e r e n c e   i n   t h e   q u a l i t a -  
t i v e  and quant i ta t ive  composi t ion of t he   au to f lo ra .  A s  f a r   a s   t h e  q u a l -  
i t a t i v e  and quant i ta t ive  composi t ion  of   the  exhaled a i r ,  sweat, and c e r -  
t a i n   o t h e r   v o l a t i l e  human excret ions  are   concerned,   this   problem  has   not  
been  solved.  Nevertheless,  there i s  nothing we can  say on t h e   b a s i s  of 
t hese   i nd ices  Concerning t h e  m u t u a l  i n f luence   o f   i nd iv idua l s   w i th   d i f f e r -  
en t   ind iv idua l   charac te r i s t ics .   Cons iderable   research  i s  required  .in 
t h i s   f i e l d ,  and it i s  our  opinion  that   space  medicine  cannot  remain  idle 
i n   t h e   s o l u t i o n  of t h i s  problem. 

Translated fo r  the  Nat ional   Aeronaut ics  and Space  Administration 
by John F. Holman and Co. Pnc. 
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